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EXECUTIVE SUMMARY
OF

PROCEEDINGS FOR
ROBOTICS IN SHIPBUILDING

WORKSHOP

1. HISTORY OF THE WORKSHOP

Following discussions with members of-the Maritime Administrator’s

office of Advanced Ship Development, Todd Pacific Shipyards Los Angeles

Division (TPLA) felt that shipyard interest in the field of Robotics exis-

ted, but that an informational void needed to be satisfied before they can

adequately deal with this new technology. 

To initiate the shipbuilding industry into the field of robotics and

to assess their needs which could potentially be met by robots, the Maritime

Administration, in conjunction with TPLA held a three-day workshop hosted by

TPLA in Long Beach, California on October 14 through October 16, 1981. Atten-

dance included 18 Shipyards, 7 Universities, 4 Robot Manufacturers, 15 Ship-

yard Suppliers, MARAD, NAVMAT, NAVSEA and the Office of the Assistant Secretary

of the Navy (MRA&L).

The following is a report of this workshop in which a number of problems

were identified, some preliminary projects for cooperative development were

specified, and the industry direction for developing a program was established.



2. WORKSHOP PURPOSE AND APPROACH

The purpose of the workshop was to bring together a representative mix

of industry experts, government representatives and educators to develop an

understanding of robotics, ascertain the degree of common problems within

the industry associated with potential robotics applications and to make re-

commendations as to what cooperative action might be taken to resolve these

problems.

The first two morning sessions were devoted to presentations by experts

in the various phases of robotics to establish a common base for understanding

the current state-of-the-art of robotics. Afternoon sessions were divided

into two phases. The first consisted of roundtable discussions by all atten-

dees to gain an overview of shipyard requirements for improving productivity

and/or reducing the number of people doing undesirable tasks. The second was

to form three discussion groups to establish the state-of-the-art in their res-

pective areas, identify economic problems, and recommend such action as would

possibly satisfy the shipyard requirements through the application of robotics.

These groups were:

Welding and Assembly

Surface Preparation/Coating & Material Handling

Facilities/Industrial-Manufacturing Engineering, CAD/CAM Interface

And Other Potential Applications.

3. WORKSHOP CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The collective efforts of participants in the Workshop through discussions

in the general sessions and panels developed a number of significant conclusions.



1. While the application of robotics technology to the shipbuilding

industry cannot be a panacea, it can be an excellent tool for

improving productivity if we pick the applicants carefully and

utilize them properly.

2. In order to apply robotics technology:, a program is needed and

must be developed by

botics manufacturers

MARAD and the Navy.

the shipbuilding industry, working with ro-

and educational institutions and supported by

3. In order to best meet the requirements of all participants in a ro-

botics program, we need to develop a "road map" that will tell us

how to:

a. Best transfer the technology

b. Develop and apply new techno

C. Target

4. Time is of

of support

applications to the h

now existing,

logy, and

igh cost drivers-in the industry.

essence in order to allow sufficient lead time for budgeting

funding by MARAD and the Navy.

Recommendations

Review of the roundtable sessions, panel recommendations and the overall

conclusions by the participants result in the following recommendations:

1. Increased promotion of robotics technology and its application

to the shipbuilding industry.

2. Develop a program in which the shipbuilding industry takes the

lead and works with robotics manufacturers and educational insti-

tutions to apply robotics technology to the industry.



3. Establish a Shipbuilding Robotics panel under the Ship Production

Committee of the Society of Naval Architects and Marine Engineers

(SNAME) to take action on these recommendations and continue the

work of this workshop including responsibilities to act for the

industry in coordinating a cooperative technical program with the

Maritime Administration and the Navy and:

a.

b.

c.

d.

e.

f.

g.

h.

i.

Develop a "roadmap" for transferring existing and developing/

applying new robotics technology;

Establish a consensus priority list of high cost driver areas

for target applications of robotics technology;

Solicit and review proposed robotics research projects which address

problem areas;

Coordinate the efforts of other SNAME panels proposing robotics

applications;

Maintain an up-to-date awareness of robotics technology as it

applies to shipbuilding technology;

Provide continuing program guidance and overview;

Publish and disseminate research results to the industry;

Maintain a flexible program with redirection capability to address

new problems/technology as they arise; and

Schedule periodic technical meetings for the shipbuilding industry.
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SECTION I

SHIP PRODUCIBILITY

RESEARCH PROGRAM



1.1 History of the Ship Producibility Research Program

Following enactment of the Merchant Marine Act, 1970, the National

Shipbuilding Research Program was established by the Maritime Administration.

Provisions of this legislation charged the Secretary of Commerce with the

responsibility to "collaborate with . . . .shipbuilders in developing plans for

the construction of vessels" (Section  212 (c)). The shipbuilding industry

direction for program is provided by the Ship Production Cormmittee (SPC) of

the Society of Naval Architects and Engineers (SNAME). This program is

responsible for the cooperative industry program to develop improved tech-

nical information and procedures for use by U.S. shipyards in reducing the

cost and time for building ships. Recently, the use of robotics has been

touched upon by several of the SNAME/SPC Panels resulting in some sparodic

moves to investigate specific applications. As one of the participating ship- 

yards, Todd Pacific, Los Angeles Divsion (TPLA), perceived the need for a work-

shop to fill the void existing in the industry regarding robotics. Discussions

with representatives of the Maritime Adminstration, Naval Material Command and

various shipyards confirmed this need.

To initiate the shipbuilding industry into the field of robotics and to

assess their needs which could potentially be met by robots, the Maritime Ad-

ministration, in conjunction with TPLA held a three-day workshop hosted by

TPLA in Long Beach, California on October 14 through Ocotber 16, 1981. Atten-

dance included 18 Shipyards, 7 Universities, 4 Robot Manufacturers, 15 Shipyard

Suppliers, Marad NAVMAT, NAVSEA and the office of the Assistant Secretary of

the Navy (MRA&L).
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The following is a report of this workshop in which a number of

problems were identified, some preliminary projects for cooperative develop-

ment were specified, and the industry direction for developing a program

was established.

1.2 Workshop Purpose and Approach

The purpose of the workshop was to bring together a representative mix

of industry experts, government representatives and educators to develop an

understanding of robotics, ascertain the degree of common problems within

the industry associated with potential robotics applications and to make re-

commendations as to what cooperative action might be taken to resolve these

problems.

The first two morning sessions were devoted to presentations by experts

in the various phases of robotics to establish a common base for understanding

the current state-of-the-art of robotics. Afternoon sessions were divided

into two phases. The first consisted of roundtable discussions by all atten-

dees to gain an overview of shipyard requirements for improving productivity

and/or reducing the number of people doing undesirable tasks. The second was

to form three discussion groups to establish the state-of-the-art in their res-

pective areas, identify economic problems, and recommend such action as would

possibly satisfy the shipyard requirements through the application of robotics.

These groups were:

Welding and Assembly

Surface Preparation/Coating & Material Handling

Facilities/Industrial-Manufacturing Engineering, CAD/CAM Interface

And Other Potential Applications.
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SECTION II

ROUNDTABLE SESSION



2.1 Discussion

The roundtable sessions produced many questions and much discussion

verifying the need for the workshop. The lack of exposure of shipyard per-

sonnel to robotics appeared to cause the participants to explore specific

information on robots and the adoption of existing robots to applications

under study rather than developing an overview of shipyard requirements for

improving productivity as anticipated in the agenda. As the sessions pro-

gressed, questions were raised and answered, educational and constructive

comments were   made, and the foundations were laid for the panels to direct

their efforts to specific results and for the conclusions and recommendations

contained herein. Some of the more significant items covered are summarized

below.

2.2 Questions and Answers

2.2.1 Question: We all

what is a robot;

become a robot?

know the Robotics Institute Definition, but just

where does it cease being an automatic machine and

Answer: A robot is basically a substitute for the human arm. It

1. Can use tools;

2. Can pick, place and carry materials;

3. Is controlled by a brain and senses;

4. Has limited variables as compared to the human but is much stronger

in lifting/staying capacity;

5. Can do several different tasks whereas the automatic machine can

do only one (e.g. machining, burning, etc.).
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2.2.2 Question: What are some of the weakness of

Answer: 1. They cannot completely duplicate

cannot throw a ball).

today’s robots?

the human arm, (e.g. it

2. They are generally not accurate under load on repetitive

operations, therefore must be calibrated frequently. (This was dis-

puted by one manufacturer).

3. They

productive than

4. They

5. They

6. They

are energy intensive, therefore must be much more

previous methods to be justified.

tend to accumulate error.

are sensitive to undesirable environments.

lack closed loop feedback systems (such as eye, touch, etc.).

2.2.3 Question: Do we have a serious productivity problem in the U.S.?

Answer: Definetly yes but

must want to achieve productivity.1. We

2. We

3. We

that are conti

must walk before we run and

must achieve it or we will be beaten out by foreign yards

nuing their improvements,

2.2.4 Question: What tools are there to aid us in

Answer: 1. People (in the U.S.) tend to look

there are none.

improving productivity?

for magical solutions;

2. We appear to wait for super sophistication (i.e. the perfected

machine); we can’t afford that any longer.

3. There are tools of existing technology in other industries;

we should transfer some of the technology.

4. Today’s robotics technology, along with that which we can help

develop, will provide part of the solution.
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2.3 Digest of Comments

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

We must address simple problems existing today; not what we could

do with good technology if we had it.

We must improve

on the basis of

Our challenge:

history to know

productivity - determine the application of robots -

what we need to do to get there.

to start from the beginning as there is not enough 

what we

Limited experience with

accuracy reflecting the

can do with robots.

some existing robots has indicated only 60%

need for more vendor development, we 

should test them further, to verify this performance accuracy.

Robot manufacturers should work with shipbuilders, starting in our

fabrication shop.

We (Shipbuilders) need to scope our problems (as they apply to robotic

applications) and establish the economic feasibility of robots as

solutions.

Evaluation should start by choosing

won’t fail, it will have a higher

We must overcome the inertia of the

industry) and look realistically at

an application (known technology) that

payoff and can be kept under control.

past (within the shipbuilding

the potential benefits that can be

derived from the application of robotics.

One of the things we need most is knowledge.

Robots are here to stay, therefore we need to learn the system, the

tool and the impact it will have on the entire manufacturing system.

In applying robotics technology we will make mistakes but we can’t

let them stop progress for, as with the introduction of any new tool,

we will use it for what we want and will change our way of thinking

about the product.
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12. The Japanese are using robotics because they are committed to

improving productivity; if we are to regain/remain competitive

we must also commit to the transfer of existing and adoption of

new (robotics) technology.

13. Regarding welding applications:

a. The robot must demonstrate its ability to equal the quality

a manual welding. (This is part of the subject of the SNAME

project now being performed by TPLA).

b. Robots have already demonstrated their ability to weld with

quality equal to manual and to meet military specifications;

the problem is access to the part by the robot - not its

ability to weld.

14. No matter what process a robot is adapted to, its ability to do

the job must be proven.

15. Until more applications are proven feasible, there is some doubt

that robots can improve productivity, (a counter comment indicates

that significant productivity improvement comes with the use of

robots & positioners - e.g. more arc time if used for welding).

16. Adopting robotics will generate growing pains, but they can be mini-

mized by starting with existing technology before proceeding to

develop new technology.
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17. Once the decision is made to consider the use of robots, the

following factors are minimal requirements:

a.

b.

c.

d.

e.

first applications must have now solutions;

the robot is not as versatile as the human, therefore the

approach must be changed to adapt to the robot;

the robot must have tooling and peripherals;

peripherals must be arranged so that the robot has a defined

environment in which to work; and

the robot must be fed, therefore material handling systems will

have to be revised.
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SECTION III

WORKSHOP PANEL REPORTS



3.1 Panel I - Welding and Assembly

Chairman:

John Maciel, Manager, Welding Engineering
Todd Pacific Shipyards Corporation, Los Angeles Division

3.1.1 Panel I Discussion Items

The panel covered a wide range of potential applications and problems

associated with the introduction of robotics into welding and assembly tasks.

The discussion led to a general consensus that shipbuilders must do a self-

examination/evaluation to determine its present condition/status (vis-a-vis ro-

botics technology) in modern day shipbuilding technology. The questions to be

addressed and the actions required to determine their solution are summarized herein.

3.1.1.1 What are our current capabilities in relation to available present day

(vis-a-vis) shipbuilding technology? In order to determine these we must:

1. Evaluate the present production system;

2. Evaluate the effective utilization of the work force;

3. Define problem areas; and

4. Define present and future goals.

3.1.1.2 What can be done to upgrade shipyard facilities in order to integrate robots

(or similar automatic machines) into the production process? Determining this

will require:

1. Developing a plan; and

2. Implementing that plan.

3.1.1.3 How will shipbuilders accomplish the introduction of robotics (and similar

technologies) into present day shipbuilding environments? Although schedules

will vary by shipyard, as an industry the following actions will be necessary:
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1.

2.

3.

4.

5.

6.

7.

Establish project teams;

Develop a strategy to interface and/or coordinate efforts of the

shipbuilders, the governmental agencies, equipment manufacturers

and educational institutions;

Increase Research & Development efforts

Devise a strategy to utilize government

in the shipbuilding industry;

funded programs;

Seek out lease and lease/option robotics manufacturing services;

Utilize

for new

Utilize

3.1.1.4 When should

existing educational institutions and manufacturer facilities

and displaced technology; and

independent source to evaluate and qualify robotic systems.

the

1. They should

the present

2. They should

shipyards commence action on these items?

have already commenced establishing direction for improving

production system by utilizing existing technology; and

commence moving into advanced technology NOM.

3.1.2 Summary of potential areas of research into the application of robotics.

1.

2.

3.

4.

5.

6.

7.

8.

9.

Straightening operations

Moveable vs. stationary robots

Gantry mounted robots

Software improvements for robotics

Determine robot limitations

Develop new sensor systems

Develop tracking systems

CAD/CAM interface

Teaching system evaluation/improvements
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3.2

3.2.1

10. Develop feed back systems.

a. Meld joint geometry variation compensation

b. Fit up variation compensation

c. Compensation for variance from established point location

of production part.

11. Integrate existing surface measuring system technology with welding

robot (e.g. Navy propeller measuring system).

12. Interface inspection processes with welding robot.

a. Ultrasonic

b. Radiographic

c. Weld size

d. Surface irregularity/flow measurement

13. Simplify multiple pass welding programs.

14. Develop programming peculiarities & supply

pass welding.

15. Laser welding by robots.

programming for multiple

Panel II - Surface Preparation - Coating & Material Handling

Chairman:

W. S. Whipple, Project
Todd Pacific Shipyards

Panel II Discussion Items

Manager Facilities Development
Corporation, Los Angeles Division

The panel immediately set about identifying the reasons for adapting

robotics to the surface preparation/coating and material handling tasks as app-

licable to the shipbuilding and repair industry. It was determined that the app-

lication of robotics

human operation from

to surface preparation/coating tasks can probably remove the

the potential hazards associated with them.
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3.2.1.1 Surface preparation is at best a task with high potential safety

and health hazards. Controlling these hazards to make an acceptable environ-

ment for human operations significantly increases costs and reduces equipment

efficiency. A robot operator can perform much of this task with much less en-

vironmental control in the operating area.

3.2.1.2 Surface coating is a task with high potential health hazards. As with

surface preparation a robot can perform much of this task with only minimal en-

vironmental protection.

3.2.1.3 Surface preparation and coating are labor intensive tasks where human

operators using heavy and awkward equipment are significantly affected by fatigue.

Robot operators are not subject to reduced efficiency because of fatigue.

3.2.1.4 In a brief discussion of the material handling no one on this panel

could identify a specific machine loading/unloading application since none of the

shipyards present had sufficiently large batch runs of manufactured items to

make this application attractive.

3.2.1.5 The remaining discussion time was spent on the subject of controlling

material which is removed from a repair or conversion project, reconditioned,

stored and then reinstalled on the ship. It was generally agreed that an auto-

mated warehouse storage and retrieval system could make a significant contri-

bution to savings and that robotics could be used in this area.
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3.2.2 The group next addressed the areas where robotics can or should be

applied. The summary of potential areas of research are listed in order

of importance.

1. Exterior hull divided into side and bottom segments. The group

agreed that these areas were the most cost effective because of

the surface area concerned and state of existing technology.

2. Interior hull divided into tanks and other areas. This area of

study requires more technological development but because of the

large surface area involved and the potential hazards to personnel

it still is a very promising area of cost improvement.

3. Preweld, weld joint preparation is an area of intense manual labor.

This area has received very little attention. The group, especially

the production management type, are very interested in having this

process studied for robotics application.

4. Special prepaint cleaning, most specifically chemical cleaning, is

another area where the production management types are anxious to

find a method of getting robots into this basically hostile environment.

5. Raw material surface preparation and coating was placed low in the

order of priorities because this process has received most of the

attention in the past and is already highly mechanized. This area

is still worthy of additional study.
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3.3 Panel III - Industrial/Manufacturing Engineering,
IREAPS and other Applications

Chairman:

R. Bradley, Manager of Industrial Engineering
Newport News Shipbuilding Company

3.3.1 Panel III Discussion Items

Since this panel was not charged with examining specific areas for poten-

tial application of robotics, the discussions were approached from the point of

view of the Industrial and Manufacturing Engineer. They were directed toward ef-

forts to reduce flow time and man hours, improve quality, and minimize the problems

inherent in facilitating a new technology. As a result, there were some overlap

of items considered by panel I and II, with some differing conclusions. In ad-

dition, the potential problems associated with using such sensitive machines in

the shipyard environment were brought into focus.

3.3.2 Summary of potential areas of research into the application and use of

robotics.

1. Create a generic specification for a high level compiler for appli-

cation programing (for example CAD/CAM interface). The purpose is

to enhance technology exchange between industry and the robotic manu-

facturer.

2. Real time UT/MT inspection using an external sensor.

3. Materials handling

a. between work centers

b. loading/unloading a machine center

c. stacking to a palet

d. control moves for overhaul and ship repair material

e. load/unload x-ray cell or vat

f. bin picking for tool issue and small parts issue.



4. Structural shape cutting.

5. Sheet metal and non-structural bulk head positioning and spot

welding.

6. Inspection and dimensional checking of structural shapes.

7. Multi blast and paint work stations with vision remote controlled

with a minimum level of supervision.

8. Apply vision to sort, route and mark 2 D cut metal shapes.

9. Feasibility study on the external environment and robotic applications.
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS



4.1 Conclusions

The collective efforts of participants in the Workshop through

discussions in the general sessions and panels developed a number of sig-

nificant conclusions.

1. While the application of robotics technology to the shipbuilding

industry cannot be a panacea, it can be an excellent tool

for improving productivity

and utilize them properly.

2. In order to apply robotics

if we pick the applicants carefully

technology, a program is needed and

must be developed by the shipbuilding industry, working

with Robotics manufacturers and educational institutions and sup-

ported by MARAD and the Navy.

3. In order to best

botics program,

us how to:

meet the requirements of all participants in a ro-

we need to develop a "road map" that will tell

a. Best transfer the technology now existing,

b. Develop and apply new technology, and

c. Target applications to the high cost drivers in the industry.

4. Time is of essence in order to allow sufficient lead time for

budgeting of support funding by MARAD and the Navy.

4.2 Recommendations

Review of the roundtable sessions, panel recommendations and the over-

all conclusions by the participants result in the following recommendations:

1. Increased promotion of robotics technology and its application to

the shipbuilding industry.
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2. Develop a program in which the shipbuilding industry takes

the lead and works with robotics manufacturers and educational

institutions to apply robotics technology to the industry.

3. Establish a Shipbuilding Robotics panel under the Ship Production

Committee of the Society of Naval Architects and Marine Engineers

(SNAME) to take action on these recommendations and continue the

work of this workshop including responsibilities to act for the

industry in coordinating a cooperative technical program with the

Maritime Adminstration and the Navy and:

a.

b.

c.

d.

e.

f.

g.

h.

i.

Develop a “road map” for transferring existing and developing/

applying new robotics technology;

Establish a consensus priority list of high cost driver areas

for target applications of robotics technology;

Solicit and review proposed robotics research projects

problem areas;

Coordinate the efforts of other SNAME panels proposing

applications;

which address

robotics

Maintain an up-to-date awareness of robotics technology as it

applies to shipbuilding technology;

Provide continuing program guidance and overview;

Publish and disseminate research results to the industry;

Maintain a flexible program with redirection capability to address

new problems/technology as they arise; and

Schedule periodic technical meetings for the shipbuilding industry.
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APPENDIX A

WORKSHOP REGISTRATION LIST





BETHLEHEM STEEL CO.
Sparrows Point Shipyard
Sparrows Point, MD 21219

Nick Haynes

BETHLEHEM STEEL CO.
P.O. Box 3031
Beaumont, Texas 77704

James Ponfick
Manager of Planning

BIRD-JOHNSON COMPANY
Fluid - Power Division
12631 E. Imperial Hwy.
Suite 120 A
Santa Fe Springs, CA. 90670

Hazen Pingree
Marketing Manager

John Stockell
Regional Manager

BIRD-JOHNSON COMPANY
Marine Division
3838 Carson Street
Suite #314
Torrance, CA. 90503

Herb Chatterton
West Coast Regional Manager
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CALI & ASSOCIATES, INC.
3101 37th Street
Suite # 130
Metairie, LA. 70001

Fili Cali
President

CINCINNATI-MILACRON
Industrial Robot
3720 S. Santa Fe Avenue
Los Angeles, CA 90058

Jerry Cederstrom
Field Engineer

CINCINNATI-MILACRON
Industrial Robot Division
Mason - Morrow Road
South Lebanon, OH 45306

Dale Hendrixson
Director of Marketing

DAVID TAYLOR NAVAL SHIPYARD
RESEARCH & DEVELOPMENT SYSTEMS
Bethesda, MD 20084

Robert L. Jenkins
Naval Architect

FMC CORP.
Marine & Rail Equipment
4700 N.W. Front Avenue
Portland, OR 97208

Robert Mc Clelland
Manager Manufacture Engineer

Phillip Seaman
Welding Engineer
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HALLMAN CORPORATION
3717-D San Gabriel River Parkway
Pico Riveria, CA 90660

Luke Corzine
President

John Frey
Vice-President

James Shannon
Chief Engineer

Steve Vertrees
Production Engineer

INGALLS SHIPBUILDING
P.O. Box 149
Pascagoula, M1SS. 39567

F. M. Perry, Jr.
Vice-President, Productivity & Operations Evaluation

L. N. Waddell
Manager Manufacture Engineer

JEFFBOAT INC.
Subsidiary Texas Gas
1030 E. Market Street
Jeffersonville, IND.

Wayne La Grange
Vice-President Productions

LIVINGSTON SHIPBUILDING
Front & Mill Street
Orange, Texas

Ken Kittrell
Industrial Engineer
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LOCKHEED SHIPBUILDING & CONSTRUCTION
2929 16th Avenue S. West
Seattle, WA. 98134

John Helm
Manager Industrial Systems Department

LONG BEACH NAVAL SHIPYARD
Long Beach, CA

Bob Deske
Production Engineer

Ernie Harbour
General Welding Foreman

Dick Vollrath
Welding Superintendent

G. A. Bowles

MARINETTE MARINE CORPORATION
Ely Street
Marinette, WI. 54143

John Hendrickson
Welding Engineer

MIT
77 Mass Avenue
Cambridge, MA. 02139

Norman Doelling
Manager Marine Industrial Advisory Services

NATIONAL STEEL & SHIPBUILDING CO.
Facilities & Industrial Engineering
28th & Harbor Drive
San Diego, CA 92138

William Oakes
Senior Work Measurement Engineer
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NAVAL SEA SYSTEM COMMAND
Facilities & Equipment Division SEA-070
NC #3 Room 6E06 
Washington, D.C. 20362

Roy N. Wells, Jr.
Manufacturing Technical Coordinator
U.S. Naval Shipyards

NEWPORT NEWS SHIPBUILDING
4101 Washington Avenue
Newport News, VA. 23607

R. Bradley
Manager of Industrial Engineering

B. F. Bridges
Contract Manager

B. C. Howser
Manager of Welding Engineering

OFFICE OF THE ASST SECRETARY OF THE
NAVY (MRA&L)
Washington, D.C. 20360

James W. Tweeddale
Director, Productivity Management

PETERSON BUILDERS INC.
101 Pennsylvania
Sturgeon Bay, WIS. 54235

Ed Propson

ROBOTIX CORPORATION
23717 Hawthorne Blvd.
Suite #306
Torrance, CA 90505

Howard Berger
President
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ST. LOUIS SHIP
611 E. Marceau Street
St. Louis, Missouri 63111

Surerdra Patel
Welding Engineer

TEXSTAR PAINTING CONTRACTORS
8462 S. Garfield Avenue
Bell Gardens, CA 90201

Al Dreher
President

M. J. Kinnaird
Project Engineer

THERMXCHANGER INC.
9819 Pearmain Street
Oakland, CA 94603

Michael R. Kahn
Production Control Manager

TODD PACIFIC SHIPYARDS CORPORATION
P.O. Box 231
San Pedro, CA 90733

Jim Acton
Manager Research & Development

Ted Avgerinos
Director, QA/RM

Bill Barbeau
Industrial Engineer

Bill Barclay-
Advanced & Project Engineer

Pete Buckley
Manager of Engineering

Tony DiBernardo
Foreman, Joiner Shipwrights/Stageriggers
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TODD PACIFIC SHIPYARDS CORPORATION (Continued)
710 Front Street
P.O. Box 231
San Pedro, CA 90733

Don Ferguson
Manager Systems & Procedures

Oren Funkhouser
General Foreman, Paint/Labor

Al Gilbert
Engineering Automation

Andy Glonchak
Foreman, Lofting

Frank Hamrysak
General Foreman, Welding

Vinko Jaksic
Engineer, Machinery

Bob Kennerson
General Foreman, Steel

Rick Lovdahl
Naval Architect

John Maciel
Manager Welding Engineering

Tom O’Toole
Assistant to General Manager

Harold Pearlman
Special Administrative Assistant

Ed Petersen
Vice-President Programs & Resources

Frank Ramsay
Assistant Production Manager-

Gary Simkins
Foreman, Pipe & Copper

Bud Stallings
General Foreman Sheet Metal, N.C.

Len Thorell
General Manager
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(Continued)

TODD PACIFIC SHIPYARDS CORPORATION

Joe Turner
Foreman, Labor Department

Roy Wagner
System Analyst

Earl Walker
Assistant General Manager

Scott Whipple
Project Manager Facilities Development

TODD PACIFIC SHIPYARDS CORPORATION
Seattle Division
P.O. BOX 3806
Seattle, WA. 98124

Mike Nakata
Chief Welding Engineer

TODD SHIPYARDS CORPORATION
San Francisco Division
Foot of Main Street
Alameda, CA 94501

Ray Potter

UNION CARBIDE-LINDE DIVISION
100 Oceangate
Long Beach, CA 90802

Robert E. Frala
Area Sales Manager

UNION CARBIDE-LINDE DIVISION
1 California
San Francisco, CA 94111

Richard Mc Wayne
Region Cutting Machine Specialist
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ROBOTICS IN SHIPBUILDING
By Jan H. Kremers

SRI International, Menlo Park, California
Presented at

Robotics in Shipbuilding Workshop
13-16 October, 1981
R.M.S. Queen Mary

Long Beach, California

Slide Nl: Robotics in Shipbuilding: Introduction—  —

* Application of robotics to shipbuilding has three major
advantages:

- Increasing the productivity of shipbuilding through
advanced automation.

- Meeting OSHA and EPA regulations by displacing human
workers from jobs that are harmful, dangerous, and
strenuous.

- Preparing the nation for emergency in which Navy ships
must be rapidly constructed.

* Despite these advantages, and despite the fact that
industrial robots have been employed by other sectors of
industry--no robots are being used currently by
U.S. shipyards. I can think of three major reasons for
this problem:

- Automation in U.S. shipbuilding lags behind that in Japan
and Europe, and other U.S. industries

- Only few ships of a given type are built totally.
Consequently, the cost of setup and robot training for
one-of-a-kind jobs is high compared with a high volume
batch production.

- Today’s robot cannot perform many jobs in shipbuilding
because they are not adaptable, manueverable, or sufficiently
mobile.
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Adaptability is needed to sense variations in workpiece
dimensions, location, or fitup.

Manueverability is needed to reach workplaces around
obstacles, such as pipes and stiffeners.

Mobility is needed for operation on workplaces that are
too large for conventional fixed robotics.

* These problems may be solved by the following methods:

The automation lag in U.S. shipbuilding can be alleviated
by government help to advance automation and by economic
incentives for shipyards to invest in advanced automation.

The “few of a kind” problems can be mitigated by
development of methods for efficient programming of robots
for new jobs.

Robotic adaptability can be achieved by equipping the robots
with sensors and computer control; robotic manueverability may
be achieved by multi-joint arms; and robotic mobility can be
achieved by using portable robotic devices and
semiautonomous teleoperators.

Slide N2: SRI Study on Advanced Automation for Shipbuilding 

* The Navy’s Manufacturing Technology Program under the
management of the Naval Material Command has supported a
small project at SRI to study the application.of robotics
to shipbuilding.

* The project objectives were to
(1) Study existing shipbuilding tasks.
(2) Determine and prioritize the tasks that can be

implemented by robots.
(3) Conceptually design robotic systems for these

tasks, and identify R&D issues that require
further investigation.

* Our method of approach included
(1) Literature survey and visits to four shipyards

(National Steel and shipbuilding, San Diego,
CA; Newport News Shipbuilding, Newport News,
VA; Ingals Shipbuilding, Pascagoula, Miss;
Avondale Shipyards, New Orleans, LA).

(2) Task prioritization based on technoeconomic
analysis and consideration
environment.

of working
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(3) The conceptual designs were based on
application of commercial and laboratory
robotic technology. In the process of design,
R&D issues were identified by extending current
R&D efforts.

This work was documented in a final report, which is now
available from the project sponsor.

Slide N3: Organization of Robot System in Shipbuilding  

This slide summarizes the results of our study.

We identified shipbuilding tasks that should be performed by
industrial robots based on technoeconomic and working-life incentives.
These tasks are arc welding, flame and plasma cutting, grit and sand
blasting, spray painting, and grinding.

The robot systems for performing these jobs consist of industrial
robots with associated tools, sensors and control computers.

The robot system may be trained to execute the various processes
associated with these shipbuilding tasks in a programming station.
Programming is done by an operator either manually, using a control box,
or interactively, using a programming computer that is connected to a
CAD/CAM data base.

Slide N4: Robot Programming Methods 

Three robot programming methods are distinguished.

(1) Manually programming the robot itself.
(2) Manually programming an auxiliary measurement arm.
(3) Interactively programming the robot off-line, using

CAD/CAM data base.

Two schemes for manually programming the robot are distinguished:

* Remotely using a control unit, such as

- A button gun, moving the robot in joint coordinates.

- A button box, moving the robot in Cartesian coordinates.

- A scaled down replica of the robot.
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* Leading the robot by its hand. This scheme is applicable
to robots that are not too large, e.g., human size.

Slide N5: Manual Programming Using a Robot  

This is a cartoon showing manual programming of the robot itself.
The trainer uses a control box remotely to lead the robot along the
workpiece. The same robot then performs the actual work.

The drawback of this method is that the working robot is
interrupted frequently for programming one-of-a-kind tasks.

Slide N6: Programming with Aid of a Measurement Arm 

The above drawback is eliminated by using a measurement arm in a
programming station that is separated from the robot workstation.
Efficient operation requires that programming will be done faster than
the task execution. To be on the safe side, a measured part should be
waiting for the robot to complete its job.

The manual programming methods shown in this slide and the previous
one could be further augmented by using CAD/CAM data base and a sensory
system, guided by that data base, that locates and
workpiece. Furthermore, such off-line programming
extended to automatic calibration of the workpiece
workstation by locating a few landmarks.

Slide N7: Five-Axis Measuring System 

This slide shows a 5-axis arm developed by
measuring three-dimensional pipes. It is moved
positions.
by using a
and visual

Slide

measures the actual
method can be
in the robot

Eaton-Leonard for
manually to critical

Alternatively, it could be moved and stopped automatically
tactile sensor if the part were jigged, or by using tactile
sensors otherwise.

N8: Robot Programming R&D Issues 

The R&D issues in robot programming are as follows:

* Use of sensors to locate and inspect workplaces. A mixture
of noncontact and contact sensing should be explored. The
noncontact sensing could include binary, gray scale, or
color vision, and range data.
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* To be efficient robot programming should be done as
automatically as possible. For this purpose we must first
model the workpieces, robotic systems, and the various
processes in shipbuilding.

* We must then develop computer expert systems for
shipbuilding on the basis of that model. Specifically, we
will use the model for:

- Interactive design of workplaces to (1) match the advantages
and limitations of programmable robotics and (2) plan the
sequence of assembly to minimize storage and material handling
cost .

- Interactive planning of material handling, inspection, and
assembly processes, using Artificial Intelligence Techniques.

- To bridge between the model and the planner, work is needed to
represent the shipbuilding in the computer.

- The output of the planner will be used to generate
execution programs for shipyard robots.

Slide 179: Modeling Computer-Aided Design and Planning of 
Programming Assembly

just
line

This slide shows a block diagram of the research issues that I have
described. A dashed-line box represents research staff; a solid-
box represents a computer program.

Research staff will analyze shipbuilding workpieces, workstations,
and processes based on existing and new technologies, and generate a
model for robotic shipbuilding. That model will be used interactively
as part of CAD to design workplaces that match robotic technology and to
plan the assembly sequence. An interactive planner of assembly
operations will be developed on the basis of the assembly sequence and a
computer representation of the model for robotic shipbuilding. Finally,
a code generator will be developed to convert the output of the planner
into execution programs

Slide N1O: Robotic 

I now wish to turn

for the shipyard.

Arc-Welding Incentives

to the robotic shipbuilding tasks described in
our report, including incentives, existing technology, conceptual design
for robotic workstations, and R&D issues.
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* Arc welding is the most labor intensive job in
shipbuilding, approximately 15% of the total. manual work.
About 2/3 of the welders weld structures, which is
partially automated using mobile welding carts and other
semiautomatic devices. About 1/3 of the welders weld
pipes, which is fairly mechanized.

* The incentives for robotic arc welding are only for
structures because pipe welding is fairly automated.
Compared with manual arc welding, robotic welding may be up
to 6 times more productive due to increased arc-time.

Slide NIL: Existing Arc-Welding Automation 

Existing arc-welding devices that are automated or semiautomated

include industrial robots, portable welders, and pipe welders.

* Industrial robots are applied to arc welding primarily in
Japan, less than Japan in Europe, and less than Europe in
the USA. This application requires workpiece indexing
because robotic sensing is either rudimentary or
nonexistent.

* Two types of portable structure welders are distinguished:

Mobile carts, which are started and monitored by human
operators.

Others such as Unimation’s apprentice arm.

Slide N12: Unimate 2000 Robot Welding  

This slide shows a Unimate 2000 robot
structure.

Slide N13: Unimation’s Apprentice Arm 

Housing

welding and indexed

Shipwelding.

Unimation developed a 200-pound portable arm for welding structures
in cramped spaces, such as aboard ship. A programmer lads the end-
effectors along the seam, and then the Apprentice welds that seam.

Slide N14: Semiautomatic Pipe Welding Head on Round Track  .  

weld
Several suppliers make semiautomatic pipe welding equipment. The
head follows a track to weld the pipe.
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lide N15: Robotic Arc-Welding R&D Issues—  

Robotic arc welding entails the following R&D issues:

* Existing industrial robots are flexible but not adaptable.
Adaptive control of welding is necessary for:

- Sensing the joint position and gap variations in three
dimensions ahead of the arc. This is especially important
for heavy workpieces, where indexing is impractical.

- Sensing the puddle shape and the temperature distribution
around it to achieve proper weld penetration.

- Using the above sensory data to serve the torch and welding
parameter.

* Inspection of the weld quality is also an R&D issue. Here
we distinguish between

- Surface inspection, which can be done with visual sensing.

- Interior inspection, which can be done with acoustic or
x-ray sensing.

* The last R&D issues are portability, mobility, and
accessibility of welding robots to be used

- In cramped assemblies
- Aboard ship.

For example, portability may be solved by building lighter
robots (e.g., using fiber graphite), mobility by using
tracks or legs, and accessibility by building a snake-like
robot with many joints and short links.

Slide N16: Sensors for Robotic Arc Welding—  —

Several sensors have been applied by industry to guide automatic
arc welders:

* Contact sensors are used to measure the joint position by
means of

- Wheels that are attached to the welding carts
- Electromechanical probes.
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*

*

*

Eddy current sensors are used to sense the position of a
torch performing fillet-joint welding relative to the two
plates.
Arc resistance sensors are used to sense the joint
position.
Visual sensors can be used to sense the joint position and
gap, the puadle shape and size, and to inspect the surface.
Evidently, visual sensors can provide almost all the
information required for automated arc welding.
Acoustic sensors can be used to inspect the weld interior.

Slide N17: Projects on Automatic Welding with Vision—  —  —

The importance of using vision in automated arc welding has been
recognized by several researchers in
example:

* NASA’s Marshall Space Flight
automated system for welding
use

the industrialized world. For

Center has developed an
aluminum sheet metal. They

- Incandescent light projected on beveled butt joint.

- The reflected image is used to seno the torch.

* Kawasaki Heavy Industries in Japan uses

- A planar laser light that is projected

- The image of the intersection line was

across the joint.

used to servo a
Unimate robot.

* Mitusi Shipbuilding in Japan used

- A xenon light that is projected
65 degrees to the horizontal.

on a fillet joint at

- The image intensity change is sensed and used to servo
the torch.

* Finally, we at SRI have been working on use of machine
vision to servo the arc-welding torch. Let me describe
this work briefly.
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Slide N18: Block Diagram of Visually Guided Robot Arc Welding —  
system

SRI has developed a visually guided robotic arc welding system that
uses structured illumination to determine the 3-dimensional location,
geometry, and fitup of a weld joint. This system operates in real-time
(in the presence of the welding arc), and is capable of making fillet,
lap, or butt welds using the MIG welding process. This slide shows a
block diagram of this system. The major system components are:

* A Cincinnati-Milacron T3 robot
* A Hobart Semi-automatic Arc Welding System, interfaced to

the T3 controller
* A Structured Light Projector
* A General Electric model Tn2500 solid-state TV camera with

SRI-designed interface
* Special hardware to facilitate image acquisition in the

presense of the welding arc.
* DEC PDP-11/34 and LSI/11 computer systems.

slide N19: Robotic Arc Welding System in operation 

This is a photograph of the visually guided robot welding system in
operation. The system operates by projecting a structured light pattern
onto the workpiece a short distance ahead of the welding arc. The
resulting distorted pattern is viewed by the camera. The camera image
is analyzed by the computer and the resulting data used to guide the
robot along the joint, and to adjust the welding procedure to
accommodate variations in fit-up, etc..

Slide N21:

The planes
lines.

Slide N22:

Close-up of Structured Light Pattern on

of light intersect the workplaces along

TV Image of Illuminated Workpieces

Workpieces

chevron-shape

This is the TV image of the illuminated workplaces. The image is
analyzed by the computer. The analysis includes noise rejection and
fitting of straight lines, planes, and their intersection in three
dimensions.
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This is the image of the lines processed by the computer: the lines
fitted to the data, and the line of intersection between the two planes
formed by the bottom and top group of fitted lines.

As the robot moves along the joint, a pictures are taken
approximately 3.5 inches apart. The location of the joint line is
determined and the data for each segment of the joint stored for use by
the robot control when the welding gun arrives at the imaged point.
This slide shows a example of a short fillet weld performed by the
robot.
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ROBOT PROGRAMMING METHODS

(1) MANUALLY PROGRAMMING THE ROBOT

* USING A CONTROL UNIT
- GUN (JOINT COORDINATES)
- Box (CARTESIAN COORDINATES)
- JOYSTICKS (CARTESIAN COORDINATES)
- REPLICA (SCALED DOWN)

* LEADING A ROBOT BY ITS HAND

(2) MANUALLY PROGRAMMING A MEASUREMENT ARM

(3) OFF-LINE PROGRAMMING USING CAD/CAMDATA BASE
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EXPERIMENTAL ROBOT ARC-WELDING SYSTEM
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BINARY IMAGE OF FILLET JOINT
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AVAILABILITY OF

ROBOTIC SYSTEMS COMPONENTS

by

Mortimer J. Sullivan

Manager of Sales

Unimation® Inc.

Danbury, Connecticut

Robotics in Shipbuilding Workshop
October 15, 1981
R.M.S. Queen Mary

Long Beach, California
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ABSTRACT

Availability of

Robotic Systems Components

The paper briefly deals with a look at the use of robots in

arc welding, propeller grinding, painting, abrasive blasting,

burning, and grinding of welds in ship construction.
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have

Good afternoon gentlemen.

the opportunity to discuss

I am

with

more than pleased to be here to

you robotic systems in the

shipbuilding industry.

Let us first ask the question what is a robotic system? In the

shipbuilding industry, as I see it now, we could use robotic systems

for (1) arc welding (2) grinding of propellers (3) painting (4) abra-

siveblasting (5) burning and (6) grinding of welds.

Taking Each system step by Step for Shipbuilding

What makes up each system and is it practical? Is is available?

If not available, is it a short (one year) development or a long range

development?

Arc Welding Systems

These systems require a robot, a power supply, and a wire feeder.

line

Presently the submerged arc, semiautomatic equipment and straight

automatic equipment does a very decent welding job for the long,

straight welds. Where you need help is the nonstraight, out-of-position,

curved, compound curved and woven weld seams.

Have you ever seen a straight, long weld in a submarine? Everything

is tuned or compound curved with many multipass and woven seams. There

is available today, off-the-shelf, a practical portable arc welding

robot for certain areas of ship construction.

Letts take for example a stiffner or intercostal plate of which

there are thousands in submarine construction and probably just as many

in warship construction. It is a welded plate between “T” sections of

stringers or longitudinals to prevent them from tripping. With the
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tolerances of ship construction, these plates are individually cut, fit,

and welded. It

available robot

time. With the

is a time consuming process. If we, however, use an

APPRENTICE robot you would cut and fit the plate, and

then trace the path you desire the robot to weld. Incidentally the robot

can do a triple pass weld although rolled in one seam. It is important

to note that with this robot, teaching time for the path is completely

independent of the welding time. In another words, you may teach a

weld in three minutes which might take as much as eighteen minutes to

accomplish. Again, there is no relationship between teaching time and

the welding time. Teaching is fast, welding can be very slow. Let me

show you a short movie, and then we shall continue because as you well

know, a picture is worth a thousand words.

Now you see how the robot works.

This is off-the-shelf robotic automation presently used in heavy

metal fabricating plants in the U.S. and abroad.

I might add as an aside that the portion

just seen showing a robot welding a robot was

maker who was later arrested as a KGB agent.

Russians are interested in robotics for heavy

Returning to the case of the intercostal

of the movie you have

taken by an outside movie

One would assume that the

welding.

plate, we have been asked

if it would be possible to take off the motions of the APPRENTICE robot

while tracing an area where a plate is to be installed. This x-y data

would be fed to another APPRENDICE robot or another device fitted with
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UnImation

a cutting

Inc.

torch. The plate would be cut and the program for its weld,

accomplished at one time. Obviously, if the same path is traced, the

cutting of the plate and the fitting of the plate would be far more

accurate. This would produce a better quality of fit and would

increase productivity.

This would be applied research and development, but it seems to

be a very feasible approach; and I would consider this a short-term

development. A prototype could be tested within one year after

receiving a go ahead. Everything is within the present state of the

art.

Robotic Propeller Gringing System Requirements:

One or more continuous path robots with large memory, tactile

sensing, large reach, firm fixed foundation, and necessary grinding

equipment.

In this

installation

system we are obviously talking of a fixed foundation

where both the robot and the propeller will be held in

constant fixed relationships. There is an extensive amount of grinding

and polishing done on marine propellers which require a high labor

input. Since the program the robot follows may easily be changed, the

differences between propellers of various sizes and shapes can be

quickly accommodated. Even if the robot were only used for rough

finishing, it would be more consistent than a human. Since it can hold

heavier grinding equipment than can a man, the robot could finish the

job faster.
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Robotic propeller grinding systems are within the state of the art

today for at least rough grinding. The further development of tactile

systems will probably allow for finish grinding if not in fact final

polishing.

Painting/Abrasive Blasting

I group these two categories as one since the robotic components

are similar, though less sensitive in abrasive blasting.

Requirements: A large reach robot, portable, continuous path for

heavy loads, easily and quickly programmed. Associated painting or

abrasive blasting equipment, and the necessary consumables of paint or

grit. Such a painting installation should not require a high degree

of accuracy, say ± forty thousandths, as one usually expects from a

robot. It should however have enough accuracy and straight line move-

ment characteristics to present a visually acceptable painting border.

In abrasive blasting less accuracy should be acceptable.

I

fimily

of the

can visualize this as a wheel. mounted robot with jacks to

anchor it to the ground, or a stand where it will do a portion

job. It would then be shifted to another location to complete

that section. Working alone, or with other robots, the

could be covered.

Obviously the robot would have to be unitized with

entire surface

its hydraulic

power pack (or electric motor) and control console in one piece. It

should also have pressurized controls and mechanical linkages to pre-

clude the entrance of paint or grit. Exposed surfaces should be covered

with bellows on moving arms and joints.
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I see the greatest problem in such an installation as the programming
method which should be fast. The placement of the robot at predetermined

spots on a similar class of vessels could be worked out in advance. Once
the program was established, it could be fed into the robots memory each
time it is moved from place to place, from ship to ship.

The

believe,
would be

accurate

mounting of the robot on a pneumatic tired truck or trailer, I

does not present any problem with today's unitized robots. It

logical to have a marker fore and aft on the vehicle so that
placement could be accomplished quickly.

I might add here that the U.S. Army is looking into portable, trailer
mounted robots for projectile loading from pallets to armament in the

field.

Burning

Requirements: A robot with continuous path capability, long reach,

fixed installation, a burning torch, and associated equipment.

One of the problems in welding heavy fabrications with robots is

the poor cut and fit of the parts. If the parts are cut by a robot to
± .040, then the robot’s brother should be able

with less problems. Compatibility of equipment
the manufacturing process.

Also, the integration of CAD/CAM equipment

to weld these fabrications

in this case will aid in

here could greatly enhance
productivity. Cutting

Welding programs could

productivity, but also

could be done directly from computer inputs.

be fed into the robotic welder not only for greater

for higher quality.
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I believe a portion of this system, less the CAD/CAM, is presently

within the state of the art. The addition of CAD/CAM depends on the

amount of money

I would suggest

robotic system.

management wishes to invest in a permanent installation.

that CAD/CAll is a few years down the line for this

Grinding of Welds 

Requirements: Continuous path, quickly programmed, force feed-

back control system, tactile sensing, long reach robot, portable and

unitized, or fixed location, power grinding or wire brushing equipment.

We presently have robots, such as the ASEA, which incorporate

some Of these features. The ASEA robots are nonunitized, fixed location

machines and can be programmed to grind production type, identical.,

weldments. Here I see the problem as being twofold.

First, quick programming. It is not really available anywhere.

Large production, identical runs can make the programming time small

in relation to the overall run, but the programming by itself is time

consuming.

Second, portability. It would probably cost less to move the

robot to the fabrication than the fabrication to the robot in ship

construction. Again, positioning of the robot accurately when moved

from location to location is a necessity.

These grinding systems, I feel, are partially available today, but

more applied research must be done to allow for faster programming and

portability.
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In summation, there are robotic systems available today for some

shipyard applications. Others are not far down the road, but it is

you, the purchaser, not me, the manufacturer, who will determine the

length of that road. You have to be willing to invest in productivity,

and America's future industrial base.
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CLOSING SPEECH

James W. Tweeddale
Director, Productivity Management
Office of the Assistant Secretary
of the Navy (MRA&L)
Washington, D.C.

I really have a question, and I would like to ask the question and then

think retrospectively on the question with a few stories; and the question

is: Where do we go from here as an industry? Nowmy stories are not directly

related but yet they are in proper context. I work at Washington, D.C. in

Crystal City and those of you who have visited there know that area,parti-

cularly in January & February,is quite cold. This past February I was in my

fourth floor office looking out early in the morning at an ice covered side-

walk and roadway, and I noticed an.elderly lady with a white cane, obviously

impaired vision, making her way toward a corner and ultimately, hopefully,

across the street. What this lady did not see was vehicular movement toward

the corner, and there was a gray Navy van making its way toward the corner

about the time that she was making her way there. There was some construction

in the area so I understood by my visual perception that she was having a

hard time hearing that van approach the corner. As she stepped down off the

curb, it was about the time that the van hit the’ corner and of course it hit

her arm, she skidded and she fell down. Now I saw an accident emerging, I

anticipated the accident probably thirty-five or forty seconds before it ac-

tually occurred. Several people who were at the sidewalk level ran out to

meet the lady and helped her to her feet and I was quite pleased that she

was able to walk away from the corner, though visibly shaken, and my question

was:

could

did I have a problem, as I witnessed the unfolding of an accident that ‘

have been more serious than it was. Now as you think about that, did
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 have a problem as I stood there in my fourth story office, no way for me

to get to ground level in order to help her, though I would have certainly,

had I had resources to get there. I would contend that I didn’t have a

problem. Let me say this, I thought about the problem as I looked down I

saw what was happening and I began to internalize the problem and I felt

pretty bad about it, but I didn’t have a problem. I did not have access nor

ability to influence events to regress the problem and therefore I didn’t have

one. Though I felt bad about it, I wasn’t able to help that elderly woman.

My second story deals with the fact as I was out this morning, as I have

done for the past three or four mornings, running. There were

out there running as well and I think I might have seen one or

wel1. Now for the past eight or ten - maybe twelve-years I’ve

some other folks

two of you as

been running

because I like it and about eight

tion, that I could-win the Boston

About seven years ago I qualified

years ago I had, as a figment of my imagina-

Marathon; I trained for the Boston Marathon.

and I entered the Boston Marathon. It was

a time when Frank Shorter was really in his prime, and I went

hyped up figuring that, you know, well who’s Shorter. I can

very, very clearly. Within my mind, I had an ideal state for

to Boston all

recall that day

myself and part

of that ideal state was that I wanted (amongst other things that I felt I’ve

accomplished in life), to win the Boston Marathon. I had also gone through a

present-state analysis where I understood, and I felt really, I guess-through

a process of physical condition and psychological hyping I could win that ma-

rathon. So I went, of course, and participated in that event. One of the

competitors was a seventy year-old gentlemen that was obviously in excellent

condition - especially for his age. Of course amongst other competitors was

the likes of Frank Shorter. Well I can recall the first two or three miles

I stayed right up with the pack, but you know in the emotional frenzy of the

event, I realized after about mile four that I could not sustain the pace,
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and though I tried to push myself, about mile six I began to realize that

I had better slow down if I was to finish at all. So I slowed down. And

for the next twelve or fourteen miles it seemed that the whole world passed

me by; hundreds and hundreds of runners passed me by. In the process I began

to redefine my ideal state, and that was winning the Boston Marathon may not

be in the cards for me. Especially, you know, at mile twenty-one. These guys

that designed Boston are sadistic or maybe by coincidence at mile twenty-one

they have a hill which they affectionately call Heartbreak Hill. Anyway it was

there at Heartbreak Hill that I metmy Waterloo. After, I would say, several

hundred people had passed me (and I know that I looked like someone that the

cat had just drug in) I realized that at the top of the hill were some people

and they started clapping. I thought they were applauding for me, you know,

and well-that gave me a little glimmer of hope; but as I got half-way up that

hill this’old seventy year-old gentleman passed me by and it was he they

were applauding. By the time that I finished Boston, Frank Shorter had al-

ready showered and was in his street clothes. well, I must say that I did

redefine my ideal state.

Now I say to you as managers in the industrial world of work, we must

go through a present state analysis. I think there’s been some of the going

on - especially in the workshop sessions of the past day or two. People have

been looking introspectively at themselves and trying to determine where they

wanted to be in the future. Step one in the process of industrial growth

starts with honest, no nonsense, (as tough as it is) present-state analysis

and is an essential part of corporate movement. We’ve got to be able to under-

stand and see ourselves as we are though it hurts an awful lot. I can recall

in Machiavelli’s little book, “The prince” (that I read a good number of years

ago) Machiavelli addressed the issue of the management of change.
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What he says is that the change agent has for adversaries all those that have

done wel’1 under the old system, and he has for defenders - only lukewarm de-

fenders - all those that may do well under the new. We have a built-in base

of adversarial forces in our industrial world of work, especially if I am

talking about introducing technological change. But I must say that this (Work-

shop) leading and others like it that are popping up around are I think, pro-

viding a vivid testimony to managers that technology has a central role in the

process of bringing the corporate structure toward the point that it needs to be

in the future. Now our ability to properly implement this change-to address

technology at appropriate thresholds of the organizations-is contingent upon us.

I can recall that fairly recently I went up to visit some folks at Ford

Maway, New Jersey. Those of you that have been reading the papers over the past

year or two know Ford went out of business June of last year in Maway. They

closed down their plants laid off 5,000 employees; they were out of business.

Ford Maway is no longer a viable corporate entity. What really struckme about

that failure is that fifty miles up the river from Ford Maway is GM Tarrytown

where they’re producing X-body cars like they’re going out of style. I spoke

to one of the corporate managers at Ford about why only fifty miles from GM

Tarrytown, Ford, using the same people having access to the same technology,

dealing with the same consumer markets , could fail while GM prospered. The

problem, he said, was poor quality. Poor product quality, and he basically

said that he had misread his organization. The issue was present-state

analysis. He didn’t understand where he was and by the time he did, it was

too late to make meaningful change.

Now I say that the only key thing is as an industrial comnunity, as a

shipbuilding industry, that keeps us from being where we need to be in the future

is guts in management. That’s all it takes: enlighted management. 
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CMT-3 ROBOT PROJECT
MARAD PROJECT NO. MA-8O-SAC-O1O41 , TASK NO. 7-2

Equipment Procurement

1. The equipment selected for this project included:

a. Cincinnati-Milacron T-3 6 axis computer-controlled industrial robot

with associated hydraulic power supply, electricl power unit and

computer control console;

b. Hobart RC 650 RVS power supply with Hobart Mega Con III digital

wire feed system and Bernard #3500 water cooler circulator; and

c. Aronson Model 60CS 6000 1b. robotic welding positioner with a 1

rpm constant speed rotation and 135° Tilt (35 sec.).

Todd has purchased all equipment except the CMT-3 robot for which this sub- 

contract pays the first year rental. Any other add-on, support or material

handling equipment is the responsibility

2. Equipment was shipped in several

late July. It was all stored in

of Todd.

lots, with the last being received in

a bonded warehouse until the complete

system was available and the site prepared for installation. This was

done to assure that both the vendor and Todd would be assured of the

condition of the equipment

Site Preparation & Installation

Site selection was given extensive

could be conveniently available in

at the time of installation.

consideration to assure that the CMT-3

the production flow, but located in such

a position that it could be isolated and by-passed for evaluation and experi- 

mentation.
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That proved to be in the corner of the Plate Shop where all utilities,

material handling equipment and material access were available. Special

precautions were taken to minimize contamination of the area and to prevent

accidental damage to any of the components. A factory representative was on

site to assist with the installation and checkout. A number of parts (PC

Boards etc.) required replacement before and during start-up. Vendor coopera-

tion was excellent. No significant difficulties were encountered in making

the installation.

Operator & Maintenance Training

Todd’s Manager of Welding Engineering, Welding General Foreman, one welder

and one Maintenance Quarterman attended Operator’s School and the latter

Maintenance School at the Cincinnati-Milacron factory. In addition, the

Vendor sent an instructor to Todd for one week of specialized training prior .

to industry demonstration.

Demonstration to (Shipbuilding) Industry

A tilting antenna mechanism support bracket was selected for the demonstration

because of it’s complexity (requiring close tolerance access and both tilt and

rotation of the positioner table) and requirement for both steel and aluminum

structures on FFG. Several sample parts were welded in advance, and one com-

pleted in the presence of shipbuilders, vendors and robotic systems manufac-

turers. The demonstration established that ship sub assemblies can be welded

by a robot; the questions that remain (as the subject of this project) are:

1. Will robots improve productivity; and

2. If so, what must be done to implement their use

Problem Areas

As of this time, no problem areas outside of the evaluation parameters have

surfaced
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